Oxalate ion is one of the most nutrient chelates in the human diet, and it is found primarily in spinach, mushroom, and tea. It forms a strong chelate with dietary calcium, rending the complex unavailable for absorption and assimilation, and the insoluble salts accumulate in renal glomeruli and contribute to the formation of renal stone. The mechanism of producing of calcium oxalate stone is not fully understood. Thus, a simple and rapid determination for oxalate ion is necessary. Methods for analyzing oxalate ion include liquid chromatography, 1,2 ion chromatography, 3 gas chromatography, 4 spectrophotometry, 5-9 spectrofluorometry, 10 capillary electrophoresis, 11 and enzymatic procedures. 12, 13 However, these are time consuming, and involve expensive instrumentation and many interferences. On the other hand, we have already reported on a simple and sensitive determination of Cu(II) using N, N′-diethyl-N,N′-[[4,4′-dihydroxy-1,1′-binaphthalene]-3,3′-diyl]bisbenzamide (denoted by NENA-BPO), produced by a reaction between N-ethyl-2-naphtylamine (NENA) and benzoylperoxide (BPO).
Experimental

Preparation of NENA-BPO
Equivalent molar amounts of N-ethyl-2-naphtylamine (NENA) and benzoylperoxide (BPO) were dissolved in 20-times molar of benzene and stirred on ice, both for 20 min. The product was extracted with a 0.1 mol dm -3 sodium hydroxide solution, and a white powder of NENA-BPO was subsequently filtered by acidifying with a 1.0 mol dm -3 hydrochloric acid solution. [15] [16] [17] The preparation of NENA-BPO is shown in Fig. 1 .
Apparatus, reagents and solutions Apparatus.
A Shimadzu (Model UV-160) recording spectrophotometer with 10 mm quartz cells was used for both absorption spectra and absorbance measurements; pH measurements were made with a Horiba (Model F-11) pH meter in combination with a calomel glass electrode. Beer's law was obeyed in the concentration range of 0.1 -2.0 μg cm -3 for oxalate ion, with an effective molar absorptivity at 533 nm and the relative standard deviation being 8.0 × 10 3 dm 3 mol -1 cm -1 and 1.0% (n = 5), respectively. This proposed method has excellent reproducibility, and was applied to recovery tests of oxalate ion in tap water and human urine; the results were satisfactory. This is suggested that the method is based on the reaction of copper(II) to copper(I) with oxalate ion. prepared by the method mentioned above, was prepared by dissolving in acetonitrile. A buffer solution of pH 4.6 was prepared by mixing 0.2 mol dm -3 acetic acid and 0.2 mol dm -3 sodium acetate buffer solutions. All other reagents and materials were of analytical grade, and were used without further purification. Pure water was made by purifying deionized water with a Milli-Q Labo System just before use.
Reagents and solutions.
Standard procedure for the determination of oxalate ion
The following components were mixed in a 10 cm 3 volumetric flask: 1.0 cm 3 of a 2.0 × 10 -3 mol dm -3 copper(II) solution, 4.0 cm 3 of a 5.0 × 10 -4 mol dm -3 NENA-BPO acetonitrile solution, 3.0 cm 3 of a 0.2 mol dm -3 acetic acid and a 0.2 mol dm -3 sodium acetate buffer solution, and a solution containing 0.1 -2.0 μg cm -3 of oxalate ion. The mixture was then diluted to 10 cm 3 with water, transferred into a test tube, mixed well, and kept at room temperature for 10 min. Also, the difference in the absorbance (ΔA) between the resultant solution and a reagent blank solution prepared under the same conditions was measured at 533 nm against water.
Results and Discussion
Optimization of the conditions and absorption spectra
Since the NENA-BPO did not dissolve in water, the optimal solvent for dissolving NENA-BPO and for the color reaction between NENA-BPO and copper(II) was examined. The solvents tested were mutually soluble in water, such as acetonitrile, propylalcohol, and dimethylsulfoxide (DMSO). The acetonitrile was found to be the optimum solvent in terms of the solubility of NENA-BPO and the color reaction. The maximum and constant ΔA was observed upon the addition of more than 4.0 cm 3 of a 5.0 × 10 -4 mol dm -3 NENA-BPO solution. A 4.0 cm 3 potion of a 5.0 × 10 -4 mol dm -3 NENA-BPO solution was adopted in a final volume of 10 cm 3 . The effect of the pH on the reaction was studied. Of the various solutions tested, the maximum and constant ΔA was obtained in the pH range of 4.0 to 5.2 with 0.2 mol dm -3 acetic acid and 0.2 mol dm -3 sodium acetate buffer solutions. As a consequence, 3.0 cm 3 of 0.2 mol dm -3 acetic acid and 0.2 mol dm -3 sodium acetate buffer solutions (pH 4.0) was used for pH adjustments. The results are given in Fig. 2 .
The effect of the concentration of copper(II) was examined, with the amount of oxalate ion being kept constant. The maximum and constant ΔA was observed upon the addition of more than 0.5 cm 3 of a 2.0 × 10 -3 mol dm -3 copper(II) solution; thus, 1.0 cm 3 of a 2.0 × 10 -3 mol dm -3 copper(II) solution was adopted in the final volume of 10 cm 3 .
In order to solubilize and stabilize the [NENA-BPO]-copper(II) colored complex, the effect of various surfactants, such as polyoxyethylene sorbitan monostearate (Tween 20), poly oxyethylene lauryl ether (Brij 35), polyvinylpyrrolidone (PVP K90), polyvinylalcohol (PVA (n: 500)), methyl cellulose (MC 25cps), sodium dodecylsulfate (SDS), cetyltrimethylammonium chloride (CTAC), and lauryldimethylaminoacetate betaine (Swanol AM-301) was investigated. However, the effectiveness of the addition of a surfactant could not be observed.
The effect of the sequence of adding the reagents on ΔA was examined. The maximum ΔA was obtained when a solution containing oxalate ion was last to be added to the reagent solution. This color development in this reaction system occurred instantaneously at room temperature, and the ΔA value remained constant for at least 60 min. Figure 3 shows the absorption spectra of the [NENA-BPO]-copper(II) and the [NENA-BPO]-copper(II)-oxalate ion solutions under the standard procedure. The ΔA value at 533 nm between both solutions was proportional to the concentration of oxalate ion.
Calibration curve and reproducibility
A calibration graph was constructed in the usual way according to the standard procedure. The linear range was obeyed for 0.1 -2.0 μg cm -3 of oxalate ion. The apparent molar absorptivity (ε) was calculated from the slope of the calibration graph to be 8.0 × 10 3 dm 3 mol -1 cm -1 . The relative standard deviation (RSD) for five runs of 0.5 μg cm -3 oxalate ion was 1.0%. This method is more reproducible than other methods, using Rodamine B (RSD = 2.4%) 5 and Victoria blue B (RSD = 1.9%). 7 Though a shortcoming of this method is that a linear part in the calibration curve for oxalate ion is somewhat limited, the proposed method has positive points with respect to simplicity, rapidity, reproducibility, and less effect of foreign substances, such as calcium(II).
Interference of foreign substances
The influences of various foreign substances on the 602 ANALYTICAL SCIENCES MAY 2007, VOL. 23 ; reference, water. determination of oxalate ion were examined. Inorganic ions, such as magnesium(II), calcium(II), manganese(II), sodium, potassium, chloride, nitrate, sulfate, phosphate, fluoride, bromide, and iodide ions, did not noticeably affect the accuracy of oxalate, even when these ions were present in large excess amounts compared with that of oxalate ion. A fairly large error appeared in the presence of iron(II), iron(III), cobalt(II) and ascorbic acid. The effect of ascorbic acid could be conveniently eliminated by the addition of iodine solution as a preliminary step. There was no interference in the presence of organic substances, such as creatinine, urea, glucose, human serum albumin (HSA), pyridoxine, and thiamine. The results are summarized in Table 1 .
Application
Recovery tests of oxalate ion to tap water and human urine were examined. A 50 cm 3 portion of tap water was taken and boiled for 20 min for dechlorination. A 0.5 cm 3 protein of a 2.0 × 10 -3 mol dm -3 iodine solution was added to human urine for removing ascorbic acid, followed by the addition of a proper amount of a 2.0 × 10 -3 mol dm -3 sodium thiosulfate solution. The recoveries of oxalate ion added to these samples were about 96 -99%. This indicates that the proposed method gives accurate results. These results are presented in Table 2 .
Reaction mechanism
In order to clarify the reaction mechanism, the composition of the [NENA-BPO]-copper(II) colored complex was studied by Job's method of continuous variation and the molar-ratio methods. It was found that the [NENA-BPO]-to-copper(II) ratio was 1:1.
Next, a bathocuproine (BC) solution was added so that copper(II) and the reaction of oxalate ion proved the oxidation reduction reaction or the precipitation reaction.
As a consequence, as shown in Fig. 4 , the maximum absorption of a BC-copper(I) complex at around 480 nm was distinctly observed. In addition, the absorption bands of [NENA-BPO]-copper(I) solutions could not be observed at all in this wavelength region.
Accordingly, the reaction mechanism in this reaction is assumed to take place according to the following schema:
In conclusion, a simple, rapid and reproducible spectrophotometric determination of oxalate ion was established based on a fading of the [NENA-BPO]-copper(II) colored complex. The recoveries of oxalate ion added to tap water and human urine were satisfactory. Though further investigations are necessary to confirm the application of this method to a variety of samples, the developed procedure is suitable for routine analysis in real samples. 
